ABSTRACT
Introduction
the plant puncture vine, Tribulus terrestris l., is a valuable source of pharmaceuticals which find a number of medical applications. lately, being subject to versatile studies, many heeling properties of the plant have been found. Amid them are sexual impotence, oedemas, abdominal distention, cardiovascular diseases, dizziness, headache, hypertension, nettle rash treatment, cytotoxic and antibacterial activities, Alzheimer's Decease (1, 2, 3, 8, 9, 10, 11) . the concentration of active substances, namely steroidal saponins, in Bulgarian plant material is one of the highest in the world (4, 5) . Recently, the interest in the large scale cultivation of puncture vine has begun to increase quickly. the plant grows on dry and sandy areas in the wild. its extremely low water requirement at largescale field cultivation is a very useful quality (3, 6) . On the other hand, the relatively low germination of the seeds and the long period of dormancy are real obstacles. Bare patches remain on the field, and the outcome as a whole is a scarce yield. in this respect research on the possibilities for increasing the crop density would be worth the effort from an economic point of view.
in a previous work we have described that a suspension of cyanobacteria and microalgae can successfully influence the seeds germination (13) . the experiment with the puncture vine seeds and photosynthetic microorganisms, after the germination, was continued with the further development of the plants. Maintaining the increase of germination, the aim of this work was to find out how to grow seedlings to achieve quicker occupation of the bare patches on the field. In addition, a study on the biomass composition of senescent plants was also carried out.
Materials and Methods

Plant cultivation
Seeds of Tribulus terrestris l. were sown in transparent plastic leaky cups (10 cm in height, 7 cm in diameter), at a depth of 4-5 mm in sand, one seed in a cup. the transparent pots were placed on plates, where water had been added and, through the bottom holes, was capillary ascending to the surface. the experiment was carried out in a naturally lit green house, where a temperature in the range of 20-40°c was maintained. Soil photosynthetic microorganisms were once added to the water as previously described (13) . the seedlings cultivated in the green house were planted in the field near Sofia.
Analytical procedures
Dry plant material was trice extracted with ethanol. lipids were separated from the extract with chloroform. Saponification of lipids, methylation of fatty acids, their purification by thin layer chromatography (TLC), and identification by gas chromatography (Gc) was previously described (7) . the sterols were isolated by TLC, and identified by GC/MS (7).
Results and Discussion
Photosynthetic microorganisms, such as cyanobacteria and green microalgae, once added to the sand quickly begin to multiply, forming a substantial part of the soil microflora. So during its development from seed to a mature organism, puncture vine is involved in complex relationships, but mutual, or at least, positive for the higher plant. the conditions are made up for development of photosynthetic microorganisms. After several days they thrive even without adding of inoculum. As a matter of fact, the translucent side area of the pots, sand, and optimal temperature, are important factors that contribute to the development of microalgae.
As we have already described, the seeds begin to germinate 3 days after sowing (13) . Seeds from the regions of Simeonovgrad, Plovdiv, and Sozopol located in Bulgaria, and from neighboring turkey showed nearly similar germination which reached 60%. this promising percentage of germination was extended for a long period. the seeds were sown on 16 th of May 2010 and their germination was being observed till the 2 nd of August 2010 for almost 80 days. the plants began to flower 29 days after their sowing. Part of the green house plants were placed afield (42° 38' 49,24" N; 23° 24' 40,72" E, 558 m altitude). All of the plants showed good development and gave seeds.
the germination lag in time can be explained with a significant period of dormancy. That is why a daily adding of new seedlings to the field crop is reasonable. The gradual germination of seeds corresponds to a step-by-step filling of bare patches. Growing of plants in a small green house in order to occupy bare patches is economically acceptable. As it is usual for С4-type plants the temperature must be between 20°С and 40°С. In December 2010, in a naturally illuminated green house the plants continued to flower. At the end of January 2011 about 16 % of the plants sown in May the previous year remained alive at night temperatures of about 5°С. This is in accordance with the fact that in india and in Africa the plant is perennial. Possibly, the behaviour of T. terrestris as annual or perennial plant depends mainly on the temperature. its lifecycle, which is short enough, is a reason for its dissemination in north areas as an annual plant.
Being a С4 type of plant, T. terrestris prefers higher light intensity. the photosynthetic abilities of the plant cannot be saturated in the temperate zone, or it could be said, the more light, the better. the average angle of the sun rays from the spring equinox to the autumn equinox here is 30°. in order to build a cheep and sufficiently effective green house its sizes are of importance. A width of 1.5 m and height of 2 m are enough; the length depends on the quantity of young plants. the pots were placed on several 0.5 m wide shelves, situated as floors one over another at a distance of 0.3 m height (see Fig.  1 ). the recommendation of this proportion of sizes was based on three points: low cost and easy making, sufficient light for all plants, and solution of the snow-on-the-roof problem. if necessary, a second green house might be situated parallel, at a distance longer than the height. Preparing of new seedlings has to continue during the whole field period.
the plant material has to be collected at the time of bloom, when the concentration of biologically active substances is higher (5) . Young plants, grown in a small green house, were added daily on the empty places, which contributed to enhance the yield. this manner of work was also of practical importance for the crop seed production.
Seedlings can be produced in a green house anywhere in the country. The field planting is better to be in places where T. terrestris is naturally disseminated (12, 14, 15) . We have found wild-growing single plants near the town of tzarevo (42°09'35"N; 27°51'46"E) and Krapez Village (43°38'45"N; 28°34'17"E), both cases about 100 m away from the Black Sea coast. these are south and north points, so that, dissemination of the plant could be expected along the entire coast. By the same token, a profitable outcome from the cultivation near the coast could be expected. the plant biomass, after collecting of mature seeds, is proper for pharmaceutical aims, too. the ethanol extract of the air dried biomass was 11.6 %, which was a rather significant yield. the fatty acid composition of the total ethanol extract was studied. the plant showed rather abundant composition of individual fatty acids (see Table 1 ). the presence of lauric, myristic, and stearic acids with a significant percentage are characteristic of a typical southern plant. As it is well known, unsaturated fatty acids are quickly affected by oxidation. the abundance of unsaturated linolenic acid indicated a lack of peroxidative processes, and a good quality of biomass, even the last one for the season. the sterols were part of the same extract and were analysed because of the insufficient data about their composition (see Table 2 ). A relatively high cholesterol (c 27 Δ 5 ) percentage was observed which is not usual for plants. the others were typical plant sterols. 
Concluions
the higher level of photoautotrophic microorganisms in the soil contributed to the growth of Tribulus terrestris, and adding of greenhouse-grown seedlings enhanced the crop density, respectively ensuring a higher yield. this manner of work was mainly devised for small or new farms and enterprises, encouraging them in their activity.
